Background: To prospectively investigate the incidence and relative risks of multiple sclerosis (MS) in patients with type 2 diabetes (T2DM). Materials and methods: Patients with T2DM (n ¼ 614,623) and age-and sex-matched controls (n ¼ 614,021) were followed from 2000 to 2008 to identify cases of newly diagnosed MS (ICD-9-CM: 340). The person-year approach with Poisson assumption was used to evaluate the incidence density. We estimated the covariate-adjusted hazard ratio (HR) of MS incidence in relation to T2DM diabetes using a multiple Cox proportional hazard regression model. Results: Over 9 years of follow-up, 175 T2DM patients were newly diagnosed with MS, and 114 matched controls had the same first-ever diagnosis, representing a covariate-adjusted HR of 1.44 (95% confidence interval [CI], 1.08e1.94). The sex-specific adjusted HR for both men and women with T2DM was also elevated at 1.34 (95% CI, 0.81e2.23) and 1.51 (95% CI, 1.05e2.19), respectively. Women aged 50 years had the greatest risk of MS (HR 2.16; 95% CI, 1.02e4.59). Conclusion: This study demonstrated a moderate but significant association of T2DM with MS incidence, and the association was not confounded by socio-demographic characteristics or certain MS-related comorbidities.
Introduction
Type 2 diabetes (T2DM) is the most prevalent disease in many modern societies and affects over 340 million people in the world. 1 It is characterized by insulin resistance and impaired islet beta cell function, which together result in an inability to supply sufficient insulin to meet the body's demands and eventual beta cell loss. 2 Recently, several studies have reported that some autoimmune diseases were associated with certain genotypes that affect autoimmunity and confer increased risk of autoantibody seroconversion, leading to damage of islet beta cells and progression of diabetes. 3, 4 However, other studies have contradicted these findings.
5,6
Multiple sclerosis (MS), a chronic inflammatory and progressive immune-mediated disease of the central nervous system (CNS), is a heterogeneous disorder with variable clinical and pathologic features reflecting different pathways to tissue injury. 7 Inflammation, demyelination, and axonal degeneration are the major pathologic mechanisms that cause the clinical manifestations. 8, 9 Genetic and environmental factors are also thought to contribute to the pathogenesis of the disease. 10 Although some evidence suggests that the predisposition of human leukocyte antigen (HLA) haplotypes in patients with T1DM protects against MS, 11 most previous studies have documented similarities in immunological and epidemiological features between MS and type 1 diabetes (T1DM) through the susceptibility loci of both diseases. 12, 13 Despite recent arguments that T2DM is an autoimmune disorder, 14 there is still a lack of epidemiological studies examining the relationship between T2DM and MS. The aim of this study was to examine the putative link between T2DM and risk of MS incidence. Given the rare occurrence of MS, our investigation employed a large nationwide T2DM population in Taiwan to prospectively examine whether T2DM may increase the future risk of MS. In addition, we also explored the age-and sexspecific relationships between T2DM and MS in order to identify T2DM patients at particularly high risk of MS.
Methods

Study design
A universal National Health Insurance (NHI) Program has been implemented by the NHI Administration (NHIA; previously called the Bureau of NHI) under the jurisdiction of the Ministry of Health and Welfare since March 1995. Approximately 96% of the Taiwanese population had enrolled in NHI Program and the NHI Administration had contracted 97% of hospitals and 90% of clinics all over Taiwan by the end of 1996. 15 To ensure the accuracy of claim files, the NHI Administration performs quarterly expert reviews on a random sample of every 50 to 100 ambulatory and inpatient claims, and information available is considered to be complete and accurate. 16 With the ethics approval from the Review Committee of the National Health Research Institutes, we used data of diabetic ambulatory care claims (1997e2008), all inpatient claims (1997e2008), and the updated registry for beneficiaries (1995e2002) for this study. The entire dataset was inter-linked through each individual's personal identification number (PIN).
Identification of study subjects
Details of the selection of patients with T2DM and control subjects have been thoroughly reported before. 17, 18 Briefly, in order to be considered as a patient with T2DM, patients must have made more than one ambulatory care visit for T2DM (ICD-9-CM: 250x0 or 250x2) in 2000e2001; the first and the last visits must have been >30 days apart. A validation study surveyed a sample of 1350 patients with a diagnosis of T2DM in the NHI medical claims and noted that 1007 of them were confirmed to have accurate diagnoses, representing a concordance rate of 74.6%. The study further noted that the probability of accurate diagnosis of T2DM among patients with more than two outpatient visits was 2.67 times greater than that of patients with only one outpatient visit for T2DM. 19 To ensure the accurate estimation of the incidence rate of MS, we excluded those T2DM patients who had MS diagnoses (ICD-9-CM: 340) with major illness/injury certificates between January 1, 1997 and the first clinical visit for T2DM in 2000. All MS diagnoses were verified using major illness/injury certificates. The final T2DM cohort consisted of 614,623 patients. The index date for each patient with T2DM was the date of his/her first outpatient visit for T2DM in 2000 (Fig. 1) . The control group was randomly selected from all NHI beneficiaries registered in 2000 by matching the T2DM group on the frequency of age (every 5 years) and sex. People included in the control group must have had no prior histories of diabetes (including T1DM and T2DM) or MS in 1997 and 1999. We selected 614,021 frequency-matched control subjects in this study; the index date for the subjects in the control group was July 1, 2000 or the date of NHI enrollment, if their first date of NHI enrollment was after July 1, 2000 (see Fig. 2 ).
The geographic area of each member's NHI unit, either the beneficiaries' residential area or location of their employment, was grouped into one of four geographic areas (North, Central, South, or East) and two urbanization statuses (urban or rural) according to the National Statistics of Regional Standard Classification. The information on clinical risk factors for MS, including allergy (ICD-9-CM: 995), Alzheimer's disease (ICD-9-CM: 331), anterior horn cell disease (ICD-9-CM: 335), chronic obstructive pulmonary disease (COPD) (ICD-9-CM: 410e414, 430e438), obesity (ICD-9-CM: 278), vitamin D deficiency (ICD-9-CM: 268), dyslipidemia (ICD-9-CM: 272), hypertension (ICD-9-CM: 401e405), inflammatory bowel disease (ICD-9-CM: 555e558), spinal cord injury (ICD-9-CM: 806, 952), stroke (ICD-9-CM: 430e438), thyroid disease (ICD-9-CM: 240e246), traumatic brain injury (ICD-9-CM: 801e804 or 850e854), anxiety (ICD-9-CM: 300), depression (ICD-9-CM: 296, 309, 311), stress (ICD-9-CM: 308), tonsillectomy (ICD-9-CM: 28), and appendectomy (ICD-9-CM: 47), was retrieved from inpatient and outpatient medical claims between January 1997 and the index date. Consideration of these covariates (i.e., potential confounders) in the analysis was mainly because those co-morbidities are either known clinical risk factors for MS or have been suspected of being associated with development of MS. 20e24 We also calculated the Charlson Comorbidity Index (CCI) to indicate common comorbid conditions weighted according to mortality risk. 25 The number of ambulatory care visits in 2000 for each study subject was counted.
Study endpoints
All study subjects were followed from the index date to the occurrence of first-time diagnosis of MS, termination of NHI policy, or the end of 2008, whichever came first. Information on the MS diagnosis was retrieved from the inpatient and outpatient claims. To ensure the accuracy of the diagnoses of MS, only MS patients with major illness/injury certificates were counted. In Taiwan, major illness/injury certificates are issued to all patients with a diagnosis of MS. The core requirement of the diagnosis is the objective demonstration of dissemination of lesions in both space and time, based upon either clinical findings alone or a combination of clinical and MRI findings. In addition, cerebrospinal fluid analyses and evoked potentials are also provided to support the diagnosis of MS. Neurologists are required to provide complete medical records, including the aforementioned clinical history/ laboratory/imaging/electrophysiological data, to a committee composed of a panel of expert neurologists in the application for this approval for patents. 26 In order to avoid the miscoding, we retrieved only those patients with major illness/injury certificates of this particular diagnosis.
Statistical analysis
We first described and tested the characteristics between patients with T2DM and matched controls. The age-and sex-specific incidence density rate was estimated with person-years as the denominator under the Poisson assumption. We then performed multiple Cox proportional hazard models to assess the independent effects, indicated by hazard ratios (HRs) and corresponding 95% confidence intervals (CIs), of T2DM on the risk of MS. Adjustment for both geographic area and urbanization status was made to account for possible urbanerural differences in accessibility to medical health services in Taiwan. 27 Inclusion of frequency of medical visits in the multiple regression model was used to reduce the potential for surveillance bias arising from the fact that patients with T2DM might have a higher chance of having MS detected simply due to their frequent contact with clinicians.
Although we managed to adjust for potential clinical risk factors for MS, some lifestyle factors, such as smoking, remained unadjusted in the analysis, mainly due to a lack of such data in medical claims. In order to minimize potential confounding by these unmeasured risk factors for MS, we calculated propensity scores (PSs), using all variables listed in Table 1 except CCI, to predict the likelihood of having a T2DM diagnosis for all study subjects. We then conducted sensitivity analyses by treating PS as a continuous variable or categorical deciles in the Cox model to assess the robustness of the HRs estimated from the multivariate regression analysis. Treating PS as both continuous and categorical variables done in consideration that the relationship between PS and study outcome might not necessarily be linear. 28 Using the prevalence rate of T2DM in 2008, 29 we also calculated the overall and sex-specific population attributable risk percent (PAR%) to assess the public health impact of T2DM on MS incidence. The Cox regression model considered the following as the censoring event, whichever came first: in-hospital mortality for causes other than MS, withdrawal from NHI, or December 31, 2008. The proportional-hazard assumption for Cox regression was verified using both plots of log(Àlog(survival function)) versus log(time) and Schoenfeld residuals versus time; the graphs showed no indication of violation. All statistical analyses were performed using the Statistical Analysis Software (version 9.4; SAS Institute, Cary, NC, USA). A p value of <0.05 was considered statistically significant.
Results
The characteristics of study subjects are shown in Table 1 . Distributions of age and sex were statistically comparable. Patients with T2DM tended to have lower income, live in the Southern and Eastern parts of the island, and were slightly more likely to reside in urban areas. With respect to the co-morbidities associated with MS, subjects with T2DM had significantly higher prevalence of anxiety, depression, tonsillectomy, appendectomy, allergy, anterior horn cell disease, COPD, dyslipidemia, hypertension, spinal cord injury, thyroid disease, and traumatic brain injury, but significantly lower prevalence of inflammatory bowel disease and stroke. Additionally, patients with T2DM had greater CCI scores, leading to an observation that patients with T2DM had significantly greater average number of ambulatory visits in 2000 (31.9 vs. 18.8).
Over 9 years of follow-up, 175 T2DM patients were newly diagnosed with MS, and 114 matched controls had the same firstever diagnosis, representing a covariate-adjusted HR of 1.44 (95% CI, 1.08e1.94). The incidence densities for men and women with T2DM were 2.20 and 3.45 per 10,000 patient-years, respectively, while the corresponding figures for men and women in the control group were 1.49 and 2.21 per 10,000 patient-years. The incidence density decreased with age in T2DM and control groups, regardless of gender. Compared with matched controls, both men and women with T2DM showed moderately increased risks of MS, with HRs of 1.34 (95% CI, 0.81e2.23) and 1.51 (95% CI, 1.05e2.19), respectively, after adjustment for potential confounders. Although there was a small difference in sex-specific HR of MS, the difference was not significant statistically (p-interaction ¼ 0.80). The sex-and agespecific analysis found that the only significant increase in HR was for women aged 50 years (HR 2.16; 95% CI, 1.02e4.59) However, the interactive effect of diabetes with age on the risk of MS was not statistically significant for men (p-interaction ¼ 0.39) or women (p-interaction ¼ 0.79) ( Table 2 ).
The regression model that treated PS as a continuous variable showed a HR of 1.36 (95% CI, 1.00e1.86), and that using deciles to indicate PS showed a HR of 1.40 (95% CI, 1.02e1.91). Although the results from PS adjustment models and those reported from multivariate regression models adjusted for individual comorbidities (HR 1.44; 95% CI, 1.08e1.94) showed slight differences, they all suggested an increased risk of multiple sclerosis in relation to T2DM. The overall PAR% of T2DM in the development of MS was estimated at 2.55%; the PAR%s for men and women were estimated to be 2.00% and 2.94%, respectively.
Discussions
In this large population-based study over a 9-year period, we found that T2DM was significantly associated with an increased risk of MS incidence. Such elevated risk was more evident in women than in men, especially in women aged 50 years. The higher apparent risk noted in women might be attributable to a greater number of MS cases occurring among women. These results were unlikely to be confounded by socio-demographic characteristics and MS related co-morbidities. The loss of statistical significance in the HRs associated with most age-sex stratifications might be due to the small number of events.
The putative association between diabetes and MS has been argued for more than 15 years. However, all current evidence of increased MS incidence among diabetics came from studies of T1DM. Previous studies have shown that T1DM and MS might share some common immune pathogenetic mechanisms, and that the interaction of T1DM and certain environmental factors could contribute to the increased risk of MS. 12, 13, 30 Nonetheless, the evidence linking T2DM and MS is still scant, even though T2DM has recently been recognized as an autoimmune disease. 14 To the best of our knowledge, our study is the first population-based cohort study that provides reliable epidemiological evidence suggesting a significant association of T2DM with elevated risk of MS. Although both diabetes and MS have genetic susceptibility, no common gene has been found to be shared by MS and diabetes (either T1DM or T2DM). However, some evidence has suggested that the activation of macrophages, TH1 CD4þ T cells, or b cellcytotoxic CD8þ T cells might act synergistically to destroy b cells, resulting in T1DM. 31 Another study revealed that interferon gamma-induced protein 10 is associated with insulin resistance and incident diabetes in patients with nonalcoholic fatty liver disease. 32 Previous studies have also reported potential targets for IgG antibodies associated with insulin resistance 33 and autoantibodies against pancreatic islet antigens in patients with T2DM. 34 Therefore, T2DM might lead to the occurrence of MS through the HLA-DR genetic susceptibility or environmental trigger factors. For example, viral infection, to which T2DM patients might be more prone than controls, is also considered as potential risk factor of MS. 22 Therefore, our results tended to provide support for the recent argument that T2DM, like T1DM, might be an autoimmune disease, and that patients with T2DM might be prone to the development of MS due to the interactions of immunity and environment.
No clear evidence of autoimmunity has been described in animal models of T2DM either, although some studies did show that targeting components of the adaptive immune system, such as IFNg-expressing type 1 T helper cells and B lymphocytes, can increase insulin resistance. 33, 35 Moreover, a clinical trial reported that antibodies against G-protein-coupled receptors have been detected in sera from a subgroup of T2DM patients at a greater risk of hypertension and cardiovascular complications. 36 Rho-kinase-activating autoantibodies are also present in sera of T2DM patients with maculopathy and macroalbuminuria, 35 and autoantibodies against IL-6 have been detected in sera from 2.5% of Danish patients with T2DM. 37 In addition, evidence also suggests that both T1DM and T2DM share a common autoimmune response in the presence of pancreatic b cells in adults with latent autoimmune diabetes mellitus. 38 Collectively, these studies suggest that the increased risk of MS might occur in not only patients with T1DM but also those with T2DM. This study had the following strengths. First, it was a large, nationwide, population-based study with high representativeness of the T2DM patient population of Taiwan in the year 2000. Second, the advantage of using insurance claims data in clinical research is that longitudinal records for a wide sample of demographically diverse patients are easily accessible 39 and the size of the data set enabled stratified analyses according to age and sex. Third, this diabetes cohort was formed using the NHI database, and all research information was retrieved from NHI claims, which has little possibility of recall bias, little likelihood of non-response, and little loss to follow-up of cohort members. Fourth, the adjustment of geographic area, urbanization status, and the frequency of outpatient visits for each study subject has minimized confounding by disease surveillance bias. Despite the above methodological strengths, several limitations should be noted. First, diagnoses of T2DM and MS that are completely dependent upon ICD-9-CM codes are subject to inaccuracy, which is a major limitation of this study compared to those studies based on the standardized clinical examinations of patients. However, the NHIA of the Ministry of Health and Wealth conducts quarterly expert reviews of any hospital with outlier charges or outlier practice patterns. In addition, we used at least two diabetesrelated diagnoses with the first and the last visits >30 days apart, which may largely reduce the likelihood of disease misclassification. 40 As for the diagnosis of MS, some inconsistent information on MS prevalence was noted in previous studies using data from the NHIA. 41e43 Therefore, we included only those patients with major illness/injury certificates of MS diagnosis, which are reconfirmed by an expert committee, to avoid miscoding. These methods are believed to greatly reduce the potential for disease misclassification bias. Still, the medical claims may not be able to capture all patients with T2DM, indicating that some study subjects selected as controls in our analysis might in fact have undiagnosed T2DM. Such exposure misclassification, however, is likely to be non-differential (i.e., the degree of exposure misclassification is independent of the subsequent risk of multiple sclerosis); and non-differential misclassification of exposure would tend to underestimate rather than overestimate the true relative risk estimates of multiple sclerosis in relation to T2DM. Second, although we have tried to adjust for some potential confounders in the analysis, 22 we were unable to consider a number of known risk factor for MS, including severity, duration, and treatment regimens of T2DM, smoking, alcohol consumption, vitamin intake, and certain occupational/ environmental hazard in our study, 20 which might result in residual confounding in our study results.
Conclusion
In summary, the results of this population-based cohort study suggested an increased risk of MS among male and female patients with T2DM; the elevated risk of MS was especially high in female T2DM patients aged 50 years or less. Although the biological mechanisms underlying the association of T2DM with the risk of MS have not been fully understood, further studies are warranted to see if our study findings can be reproduced. Given the high prevalence of T2DM, even a weak to moderate association between T2DM and MS could still signify a large number of people affected. In addition, although a large-scale screen for MS in patients with T2DM may not be cost-effective, both patients with T2DM and clinicians should be informed of the relationship between T2DM and MS in order to facilitate early detection and appropriate management of MS in patients with T2DM.
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